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Decisive Experimental Test of Chiral Magnetic Effect (CME)

A decisive experimental test of the Chiral Magnetic
Effect (CME) will lead to three major discoveries in

heavy ion collisions: e [ Q l“f T Quarks
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D. E. Kharzeev, J. Liao, S. A. Voloshin, G. Wang, Prog. Part. Nucl. Phys. 88, 1-28 (2016)



Why isobar? & Theory Predictions

Proton

-(BZcos(2(Wg - W,)) Y[ fm™*]

N https://people.physics.anu.edu.au/~ecs103/chart/

Signal predictions Background predictions
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S. Chatterjee, P. Tribedy, Phys. Rev. C (R) 92, 011902 (2015)
B. Schenke, C. Shen, P. Tribedy, Phys. Rev. C 99, 044908 (2019)

Model calculations predict:
% Vacuum B-field: ~10-18% difference
“+ Backgrounds: within 4% (for Ayq;,/V,)

Isobar collisions 2SRu + 15Ru and 75Zr + 25Zr present an opportunity to make decisive experimental test
of Chiral Magnetic Effect by varying the initial magnetic field while keeping background same.




Preparation & Data collection

Minimize the Systematics:
Similar run conditions for both species

Eliminate Pre-determined bias:

Perform blind analysis of data

Blind analyses (5 groups):

» Ay, Ad and «

» Ay, AS, Ay(An)

» Ay inPP/SP, Ay(M;,,,)
» Ay in PP/SP

» R(AS) Correlator.
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s Fill-by-fill switching, alternated frequently.

% Collect data during 30-minute “runs” of the data No-Blind analysis (1 group):

acquisition system. % Signed Balance Function.
¢ 20 hour fills to maintain nearly constant collision

rates.

P. Tribedy for the STAR Collaboration, J. Phys. Conf. Ser. 1602, 1, 012002 (2020)
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Test data QA, physics & code Run-by-run QA, full :
structure freezing analysis | Full analysis

(27 GeV files) (One run is Ru+Zr) : (Ru and Zr
(One run is Ru/Zr) separated)
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Test data

structure
(27 GeV files)
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s Using the 27 GeV data
taken in the same year.
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QA, physics & code
freezing
: (_One run is Ru+Zr)

% One “run” is mixed with Ru&Zr events.

* Freeze the cuts, methods & codes.

How do we define the stable run period before we have the data?

( RefMult )

An automated
Run-by-Run QA

Algorithm!

( RefMult )

Quantity list:

Check the next quantity

T
| x
(example) '8
1. <refmult> 'S Global badrun rejection (5-RMS)
2. <tofmult> : o (Caleulate the RMS fTDm the whole range)
3. <Pt= ] _5 B
4. <dca> [ e —— No
______ |'® ———_ Isthisthelast quantiy on the list? P
F e e
] T Stable results
1o Yes

Check the next quantity

= STEP-1: Precheck the jumps without any bad run limitcut

= STEP-2: 1stround bad runs check (10-RMS as the default)

= STEP-3: Rejectthe 1st round bad runs and check the jumps (5-
weighted-error & 1% different as default)

= STEP-4: Recheck every region gotten in the prev step to avoid
missingjumps

> STEP-5: Do the strict bad runs check (5-RMS as default)
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~" Finalbadrunlist
~~___ Finalrunregions

Then we freeze all the code
for this analysis!
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Run-by-run QA, full

onese % One “run” is either Ru or Zr, but ~ { Fullanasis < |deally, no additional analysis work is
. . ~ (RuandZr ) : .
the species are still unknown Wseparated) . required for the publication.
- <% Many different methods and observables

sz & & & F g & will be measured.
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** Outlier runs due to bad detector conditions
are removed by frozen automated algorithm.
Y11z = <COS (‘f"f + d’g — ZIIJEPD)) Y123 = (COS (d"f + 2‘?52. — 3¢gpﬂ)>
s Also, do analysis of physics observables with Signal+background Only background

frozen codes.
Case for CME:

(AY112/v2) B B/ (Ay 15/ v2) 55 > 1

(AV112/v2) R R [ (Ay112/2)7 2 > (A¥123/v3) R R /(MY 123 /03 )P 2T

Cartoon: P. Tribedy for the STAR Collaboration, J. Phys. Conf. Ser. 1602, 1, 012002 (2020)



Summary & Outlook

Isobar bind analysis is ongoing by STAR

Step-| Step-l| Step-lll Step-IV

Test data QA, physics & code Run-by-run QA. full '

structure freezing gnalysis ! 3 Full analysis
(27 GeV files) (One run is Ru+Zr) (One run is Ru/Zr) - (Ruand Zr
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